
LIQUID CRYSTAL DISPLAY ELEMENT 
AND 

METHOD FOR MANUFACTURING IT 

5 BACKGROUND OF THE INVENTION 

1 . Field or trie I even: lor. 

The present invention relates to a liquid ciystal 
display element superior in its viewing angle 
characteristic. Moreover, the present invent. ion relates 

10 to a method including a process of performing a liquid 

crystal alignment treatment: and a pre-tilt angle forming 
treatment by irradiating a polarized ultraviolet ray for 
manufacturing a liquid crystal display element superior 
in its viewing angle characteristic. 

15 2. Description of the Related Art 

In a mechanical rubbing method that is performed as 
a liquid crystal alignment treatment at the t ime of 
manufacturing a liquid crystal display element, there 
have teen caused p-rooiems such as pol.lut.ion oy dust, risen 

20 at the time of rubbing, electrostatic damage caused by 

friction to - transparent substrate on whi.cn a TFT (Thin 
Film Transistor) element is loaded, and the decline of 
foe ;t5:ri _f a of ^ r i ng yielding percentage owing to the 
pod lut ion and the elect rostat i c damage. 

25 Consoqoerit.v, in p.;.ace of the mechanical rufbing 

n. . tnere is drawn a:t-rc:. tot a ptot o-a 1 i gnmenf 
control technique capable of causing 1 he liquid crystal 
ai cgnroono wit tout * . u "to inc. See Japanese Patent 
Applicat ion Pabl ieat ion Hei 07-3 18 94 2 (basic applioat ban 

30 o f TS F ; , . -t , t o , etc. 
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direct tonality 7 and a pre-t lit: angle of the 1 iquid crystal 
alignment in an organic alignment film formed -on a 
transparent subs: rate by causing a cr.emi :ai :n.^rige of 
molecules composing the -organic alignment film in 
5 acc o r'd an ce wit:. : he pol. ar ized zii rect i on of an alt. raviolet 
ray irradiating the organic alignment fitn. Consequent ly , 
the technique can prevent occurrence -of the pollution 
owing :. -o the dust risen at one time of tne mechanical 
rubbing and the electrostatic damage to the board on 

10 whirr, one TFT element is loaded, and can prevent one 
aeo 1 i re -of the manufacturing yielding percentage. 

Furthermore, because the technique can make the 
polarized ultraviolet ray irradiate- only fine areas, the 
liquid crystal alignment of the fine areas in the liquid 

15 alignment film can easily re dote. Therefore, the 
improvement in a visual field angle can be made by 
performing division alignments of one liquid crystal 
alignment film. To adduce an actual example, for making 
main, viewing angle directions of a liquid, crystal display 

20 element even in the vertical direction and the horizontal 
oirecricr, the technique executes a liquid crystal 
alignment treatment of irradiating liquid crystal 
alignment films of utzper and bower boanic in four 
respective divided areas "aa", "bb", "cc" and "dd" of one 

25 cot 70, shown in Fig. 7, with a polarizer ultraviolet ray 
S'O tnat the liquid crystal alignments of tne bower 
substrate become the directions of the dotted line arrow 
heads ana so t.na: tne liquid crystal alignments of the 
upper substrate become the full line arrow heads. 

30 Because main viewinu angle directions of respective 

divided areas become; the di re ct ions c f one stars in the 
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: 1 gu :< : as the re?sults, the main viewing angle direction 
of the wnoie liquid crystal display element becomes a 
mixture of v i.ewinq angle oha r ac t er i s t i :s in tour 
directions of tne up, the down, the right and the left. 
5 Consequent ly, u n inversier: phenomenon and the decline of 

rent rase can ;oe s uppresse-a, so> that the? visual f i c- 1 d 
ang 1 e becomes good . 



viewing angle directions of the liquid crystal display 
10 element of two directions of tne right find the left, it 
is applicable to divide* e-ne dot into two areas. 



alignments are executed by diving one dot into two- or 
four areas .like the prior art technique, because 

15 alignment disorder occurs it boundaries of the divided 

areas (division boundaries), it is necessary to shade the 
upper substrate where a co 1 : r filter is fo»rmeei from rays 
penetrating the divided areas. For this reason, it is 
necessary t :. dispc-se snaaing areas at met. only ret ween 

20 dots but also- crossing areas in a do>t as denoted by the 
reference numerals 70a and 70b in Fig. 7. Consequently, 
a decline of aperture ratio* of a dot and a decline of the 
t ransmissi v ; t ies of rays are caused, ana thereby there is 
caused a problem that the display quality o-f the liquid 

25 crystai display element declines as a result.. Trie 

tendency be-oemes remarkable as the dot bec:mes finer, and 
the man a fact uring y 1 elding pe re en t age a 1 so becomes 
dec 1 i ned . 



30 crystal display element, the liquid crystal alignment is 
performed by the i rradia t hen o»f the polarized ultraviolet 



I ncidentai 1 y , 



on thus case, rcr using the main 



However, in a case where the liquid crystal 



F u r t h « r m c r e , when m anufactur i n ( j s u ^ : h a 1 o q u i ^ i 
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ray in ccnfo rmity with the technique. But, the technique 
has problems such that it is difficult for the technique 
to define tne alignment direction :>f a liquid crystal 
strictly and also* it is difficult for the technique Lo 
5 develop a prescribed pre-tiit anqle stably in comparison 
wi th tne mecnanical ruboing method. Ceo: sequent, ly, 
problems of deel i nat. i .ons of display quality such as the 
■occurrence of ^nevenness c»f alignment arid a deel inat: i-on 
of" t ransmi ss iv i t y and contrast -of a display using a 
10 liquid ci' y s t a 1 cell t h e liquid c r y s t a 1 a 1 i g nme n t 

treatment of which has been performed by irradiating a 
p-olarized ultraviolet ray thereon are not resolved yet. 
That has been a great barrier to perform the mass 
product ion thereof . 

15 

£ UMMARY O F 1 K E I NVF1K1 1 1 ON 
The present invention aims to resolve the aforesaid 
problems of the prior art, and aims to provide a liquid 
crystal display element having a superior viewing angle 

20 characteristic without causing a decline: of aperture 

rati-o and a decline of transmi ssivi ty of a ray at a pixel 
co'inposed O'f a group of three (dots :f an R-dot , a G-dot 
and a B-do>t, <:>r each dot. Moreover, the present 
invention also- aims to realize a g nod liquid crystal. 

25 alignment direction and a stable and even pre-tilt angle 
by means c*f a polarized ultraviolet ray witnout a decline 
of the manufacturing yielding percentage at the time of 
manufacturing such a liquid crystal display element . 

The inventor of the present invention found the 

30 following facts and h^s completed a liquid crystal 

~iisp la y e 1 erne n t c f the rresen t i ri v e n t i o n . T hat is, the 
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display element can be adjusted in an intended direction 
i v pe r f o no i n g a division alignment * r- o.oxux ci a liquid 
crystal alignment film on a transparent substrate while 
5 i:eei ing a unique alignment direction at eacn pixel not 
aividi.ng a ;:. i :o • 1 (ordinary compcseo of a oru.p ol' an R- 
aot, a G-dot and a B-dot ) and dif f erent ial ing alignment 
d i rect ions at Le^st ret ween rwo flue Is so as to re able 
to obtain an intended main viewing angle- direction. And 
10 farther, It a cot is still finer, tine superior viewing 
angle craracrer ist i c can be obtained by per to rm.i no the 
adjustment of the main viewing angle direction by the dot, 
not by performirq the control -of toe main viewing angle 
by t he pixe 1 . 

15 Furthermore, the mventcr of the present onventocn 

found the following fact and has completed a method for 
manu fact u r i ug a liquid orysoa.l displ ay element o f trie 
present invention. That is, it is possible to develop a 
superior viewirq angle xioroot e r i s o i o ana an even and 

20 stable liquid crystal, alignment and pre-tilt angle* of the 
liqjid orystai uisplay element, witno^t. a 'decline of ::e 
manufacturing yielding percentage by irradiating a liquid 
crystal ol ionnv^t f i 1 t ti on a t r a n sp a rero sjos: rat e by tne 
pixel and/or by the dot with divided polar i zed 

25 ultraviolet rays in a manner that the i r rad : a t i o>r: of tne 
polarized ultraviolet ray is first performed tor 
regulating J i qu i d crystal alignment di ructions, and t hat. 
tne transparent substrate is next rotate:!, anoi further 
that, the divisional irradiation of the polarized 

30 ox roviolo. r or is again performed by the pixel or by the 
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o ry s t a ^ . 

That 's to say, according to a ftrst aspect of the 
present invonLion, there is provided a liquid crystal 
display element including a r. j i r of transparent 
5 substrates, a liquid crystal sandwiched between the pair 
of transparent substrat.es, and liquid ;ry.?ral alignment 
films formed on liquid crystal side surfaces -of the 
respective trarisparont sabstrat es, wherein tne Icqaid 
crystal alignment fi 1ms are aligned divided! y by a dot 

10 ana/ or oy a pioeel, and liquid crystal alignment 

directions at two dots or more and/O'r at two pixels -or 
more differ from each other so that it is possibxe to 
obtain an intended main viewing angle direction. 

It is needless to say that the (division by the dot 

15 ana tne (division oy tne pixel may be intermingled by 

performing a division alignment composed of alignments by 
the dot. in some areas :f the liquid crystal display 
element and alignments by the pixel in the other areas of 
the liquid tryst at display element. 

20 Furthermore, according to a second aspect of the 

present invention, there is proviaed a method for 
manufacturing a liquid crystal display element including 
a pair of t ran spa rent subst rat es , a 1 i qa i a crystal 
sandwiched between the pair of transparent substrates, 

25 arc liquid o'ryscui .alignment films formed on liquid 
crystal side surfaces f the respective transparent 
substrates, the method comprising the steps of (a) 
terming to too le* ray responsive type liquid crystal 
alignment films on the pair of transparent substrates, 

30 ;b; irradiatino the liquid crystal alignment films on the 
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a p o ^ : : :o - ; ultraviolet ray ooo. > • ; . y ry a jot and/or rry 
a pixel s:> that liquid crystal alignment: directions at 
two dots .>r more and / -or at tw: pine Is or more differ from 
each other for obtaining an intended main viewing angle 
5 direct i on so as to re :u late an a 1 i grime rot. d i rect i on of trie 
liquio orystal, and < c) irradi at ir.g the t r.^nspa rent: 
substrate, on which the liquid crystal alignment films 
irradi ate-:: w i t h t .ne pol. ar: zed a 1 1 ravio I et ray at toe s t ep 
(b) are formed, with the polarize:! ultraviolet ray 

10 dividediy by the po.ro- 1 for deveL:p>ing a pre-: i It angle 

after' rotating the transparent so.otr.oe on one reference 
plane so that the transparent substrate turns to a 
direction different, from its direction in one step* (b). 
it is needless to say that: the division by the 

15 pixel rand trie division by the dot may be in terming Lea in 
a liquio crystal display element also- in this case. 

According to:; the aforementioned aspects of the 
present invention, a liquid crystal display element is 
manufactured by irradiating divided area tnereof by the 

20 pixel and/or by the dot with a polarized ultraviolet ra Y 
without using tne conventional mechanical rut-hong method. 
Consequent ly, the manufactured liquid crystal display 
eleiT.en t e:-:n !bi f s a sore r i or v Lew i r g aroie on a rooter i s t i c 
without a decline of its aperture ratio, a decline of its 

25 t ransmiss i vity o:f rays and a decline of its ma n u factoring 
y i e i d.i ng re rcen t age . Mo recover, oe cause t he divi s i to: 
irradiation of the polarl red ultraviolet, ray Is performed 
at predetermined two steps, good alignment directions and 
a stable- and uniform pre-tilt angle c<f liquid -orystal 

30 molecules can be realized. 0 too- goon o 1 y , an electro- 

:rt : Ca . c h -i r a o t e r i s t i. c o- f tne marou fa ot ured lieu id crys t a 1 
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i.i sp lay element recces a o c a . 

BRIEF' DESCRIPTION OF THE E)RAWI NGS 
The a: ove and : *.her objects, features and 
5 advantages -f the present invention will become more 

apparent fr.m the following cieser i pt ion of tne present ly 
preferred exemplary embodiments of the invention taken in 
conjunction with tne a ocomp any i no drawings, in whicn: 

Fig. 1 is a schematic plan view showing an example, 
10 in which liquid crystal alignment directions are made to 
oe different among : > ^ r pixels, >of division alignments of 
a liquid crystal alignment film of a liquid crystal 
display element ac-;o: rding :oo tne present invent ion; 

Fig. 0' is a schematic p>lan view showing an example, 
15 in whicn liquid crystal alignment directions are made to 
be different, among four dots, of division alignments of a 
liquid crystal alignment film of a liquid crystal display 
element according to the present invention; 

Fig. is a bl:ck diagram showing a schematic 
20 structure of a ultraviolet ray irradiation apparatus to 
be used in -i first embodiment of ^he present invention; 

Fig. -1A and Fig. 4B are explanatory views showing 
on i a r i ceo ; . t ra vi r i er may irradiation or cesses of the 
first embodiment of the present invention; 
25 Fog. 1 os a view showing a viewing angle 

character is* ic of a liquid rrystal panel f the first 
e mb o d i m e n t ■ ■ f t h e p r o s e n t invent i r-n ; 

Fig. u s a view showing a nil owing angle 
characteristic of a liquid .crystal panel of a first 
30 comparative example 1 of the present invent icr:; ana 
Fig. 7 is an eo;p i ,x na t o ry view shelving a 
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o o r ■ v r ■ ^ : ■ " . d i v i s t e> o a I i q rco*^ n r rr ! --^ r - n ' d w h r e 1 e a ; i c d 
crystal alignment directions are made to be different 
-^mcn? foar iroas or one d;t. 

5 INSCRIPTION OF THE PREFERRED EMBOL'IMENTS 

Ac f i r s o , a de scrip:; i o n is given tc a 1 i q u i a 
crystal display element of the present invention. 

The liquid crystal display element c r oho present 
invention has a structure similar to an ordinary TN 

10 (Twisted Nemat. ic) liquid crystal element that basically 
includes a liquid crystal sandwiched between a pair of 
transparent substrates, for example substrates made <of 
glass, and liquid crystal alignment: fd. lms formed o:\ 
liquid crystal side surfaces of the transparent 

15 suns: rates. 

On the present inventicn, liquid crystal alignment 
directions of the liquid crystal alignment films are 
diviced by tne pixel or by the dot for improving its 
viewing angle characteristic. However, the division is 

20 not made in a pixel, but one liquid orystol alignment 

directions are made to be different from each other among 
two: 1 co r more pixels or docs so tnot an intended main 
view i rig angle direction ea n b»-- oh^aioeo. For exanu.d. e, in 
a case where the main viewing angle directions are made 

25 to be two di rect ions facing to;: tne left ana tne rijnt, 
the liquid crystal alignment directions are mace t ;■ be 
different f rom each othor between t. w. > pixels or - ■ w. • dots. 
And, in a case winere tine main viewing angle directions 
are made to be four directions facing to the up^, the do>wn, 

30 the left an i the r ight , it may be appi i cable that the 
liquid crystal a i i g rimer, t. cire'.ooons : oe made tc be 
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di f f^rent from each other among tour pixels or dots . In 
the case where the liquid crystal display element is used 
for ^ display ot" a personal computer, for example, it is 
preferable that the liquid crystal alignment directions 
5 are made to joe different from eaon other among fo.r 
p i XO Is J I' do t s . 

incidentally, it is preferable that pixels or dots 
the liquid crystal alignment directions of which are 
c<iff"erent from each o:r.er are disposea to adjoin to each 

10 other so that the viewing angle characteristics of the 
whole liquid crystal display element become even. 
However, the liquid crystal alignment directions may oe 
disposed regularly or randomly so that, the liquid crystal 
alignment directions are dispersee evenly in the whole 

15 liquid crystal display element. 

Next, more concrete descriptions are given tc 
examples of the division alignments of the liquid crystal 
alignment films of liquid crystal display elements 
according to the present invention. 

20 Fig. 1 shows an example (delta disposition..- where 

four pixels A-D (each pixel is composed of a group- of an 
R-ooo , a G-oot, and a B-dot ) disposed in too so-called 
delta arrangement so as to make main viewing angle 
oi re otior.5 f ou r di rec: ions o f the cp>, tne down, the right 

25 and the left are made to be divisionally aligned arid 
liquid crystal alignment directions are made to be 
different from each or her among them. That is, in the 
pixels A-D, wr.en the liquid crystal alignment direction 
of the lower substrate is adjusted t.o the direction of 

30 the dotted lir.e arrow head and the liquid crystal 

alignment: direction of the upper substrate is adjusted to 
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the direction of the full iioe arrow head, the main 
viewing angle direction to each of the pixels becomes the 
direction of each star. That is, the main viewing angle 
direction to the pixel A becomes upward; the main viewing 
5 angle direction to t.ne pixel 3 oecomes ieftwaro; the main 
viewing arole direc: ion to the pixel " oecomes rightward; 
the main viewing angie direction to the pixel D becomes 
downward. Iricidentaliy, main viewing angle directions of 
pixels hatched likewise in the figure are adjusted to be 

10 the same. Consequently, the viewing angle 

characteristics of a liquid crystal display element 
having the division Liquid crystal alignment films shown 
in Fig. 1 from vertical directions and horizontal 
direct ions becomes improved. 

15 Fig. 2 shows ancther example (delta disposition; 

where liquid crystal alignment directions are made to be 
adjusted not by the pixeL but by the dot. Likewise in 
the case of Fig. 1, to make main viewing angle directions 
four directions -of the up, the down, the right and tne 

20 left, four dots a-d disposed in the so-called delta 

arrangement are made to be divisionally aligned, ana the 
liquid crystal alignment directions are made to be 
different f r-m each o'her among them. That is, in the 
dots a-d, when the liquid crystal alignment direction of" 

25 the bower' substrate is aaiustea to the aireet.bon -of the 
dotted line arrow head ana the liquid crystal alignment 
direct ion of the upper substrate is adjusted to the 
direct ice. o £ tne to.il 11 he arrow head, t ne main viewing 
angle direction to each of the dots becomes tne direction 

30 of each star. That is, the main viewing angle direction 
to the dot a becomes leftward; the main viewing angie 
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di re,::, ion cc * xo dot b ceCv':^es naMwara; the main 
viewing angle direct ion to the dot c becomes upward; the 
main viewing angle direction to the dot d oe comes 
downward. Incidentally, main viewing angle directions of 
5 dots hatched likewise in the fijare are adjusted to be 
tne same. Consequently, the 1 viewing angle 
characteristics of" a liquid crystal display element 
having the division liquid crystal alignment films shown 
in Fig. 2 from vertical directions and horizontal 

10 directions alse becomes imp r ::vei. 

Next, a description is given to a method f :r 
manufacturing a liquid crystal display element of the 
present invent i :>n . 

A characteristic feature of the method for 

15 manufacturing a liquid crystal, display element is t ::> 
include a liquid crystal alignment treatment process 
composed cf the following processes (aj - C 1 : 

PROCESS (a) 

20 First, an ultraviolet light responsive type liquid 

crystal alignment: film is formed on both of a pai.r of 
t ran spa rent subs t rates , respe ct i ve ^ y . 

A snbst ra; o used for a TN liquid crystal cell 
conventionally or. do used iS one cf tne p a : r cf the 

25 transparent substrates. There can be enumerated, for 

OM£imple, a transparent glass suiotrate the cixe, density 
of which is 114 thousand pixels per cm" and on which a 
nigh temperature pec 1 ys i 1 i con type TFT e lemon t n -vin: a 
diagonal length of 0.55 inches (1.3^7 cm) cr more and 

30 having the number cf pixels of 11 j cheusaris . r more acts 
is : . r.tte : r o.. : «-i transparent glass surest rate ' te pixel 
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wr. ich a nigh temceraf;re t -o iys i I i con type T FT element 
having a diagonal length of 1.5 inches (6.2.5 cm) or more 
and having tne number of :i:-:ei3 of I 8 I- thousands : r more 
5 dots is formed. That is, the present invention is useful 
:or:i:uidi:iy in a i i jjIo crystal display ei.err-nt navinq a 
high pixel density. In a case of a transparent glass 
s rostrate having a r.ign temperature pod ys i . i i ce n tyre TFT 
formed by applying a semiconductor process at about 

10 i,O0O c C, the presero. invert ion is especially c re ferab 1 e 
in a case of ^ pixel density of 100 t housand pixels per 
crrr or more. And, in a case of a transparent glass 
sobscrate having a low temperature polys i 3. ice n type T fT 
formed by using a re-crystallization process with a laser, 

15 cne present invent ion i s especia I iy p referable in a case 
of a pixel density of 10 thousand pixels per cm" or more. 

As materials of the ultraviolet ^ight responsive 
type Liquid crystal aLignment film, materials having 
eraraoter 1st i os of developing the alignment of a liquid 

20 crystal in a direction perpendicular to- the polarized 
direction o f o polarized oi: ravioie: ray may me used. 
For example, a poly amicacid mac romol ecu la r material 
oeitg a poiyimide type pn ot : -al ignment material s.n wr. in 
US P 5 , 7 3 1 , 4 0 1 ma y be u s ed . 

25 The thickness of the 11 guid crystal a 1 omment f 1 1m 

is oral nary 0 . Co. -0.08 am. 

An offset printing method, a spin coating met, hoc cor 
t re like tan appropriately be selected in accordance with 
the material -of the liquid crystal alignment film to be 

30 used as a method for farming the liquid 
f 1 1 m . 
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Fu rt he rmo r e , a a lass subs t ra t e , on a su rf ace o f 
which a transparent conducting film (such as [TO (Indium 
Tin Oo:ide}) is [orrnea, or the ii.oo can be used as the 
(Other of the pair of r he transparent substrates. 

5 

rFOCEoS (b 

Next, a liquid crystal alignment film en a 
transparent substrate parallel to a reference plane is 
irradiated ;oy a polarized ultraviolet ra-/ (a first 

10 irradiation) dividedly by the pixel and/or by the dot in 
a manner that liquid crystal alignment directions differ 
from each other among two -or more pixels and/or 00:5 so 
that an intended main viewing angle direction can be 
obtained for regulating the alignment direction or the 

15 liquid crystal. For set the transparent substrate 
parallel. 00 the reference plane i 0 this case, the 
transparent substrate may be placed on, for example, a 
steel flatbed ■reference plane) . 

An ultraviolet ray that has passed through a 

20 polarization filter is usee as one pod.ari.zed ultraviolet 
ray. An ordinary polarisation filter that makes only a 
ray navino a predetermined direction pass is o.sed as the 
po 1 ar i zat i.o*n f i 1 1 e r . 

It ...s preferable to use an e.^eotreoeiess UV larrp 

25 that has a high output level, a Long life span and 
furtner h L :nn jni f ormi ty , i . e . little disperse on of 
illuminance, as the light source : • i the polarized 
u i t. rav i ed et ray . 

Moreover, it, is preferable that: a [o:lar..oed 

30 ultraviolet ray irradiation angle, namely an elevation 

a n g 1 e t 0 t h e re f e re n o e p 1 a n e i n t h e f i r s t i r r a d i a t ion is 
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w : * : n a range of oO degrees to ^0 degrees root tour 
declining the contrast. r*0 degrees is especially 
c ref erar le . 

Mc recover, as a technique of the irradiation oh the 
5 polarized ultraviolet ray in the manner of the division 
ry toe riael o; r by the dec , it is use fa 1 to use a shading 
mask for preventing the irradiation of the polarized 
oltravi ;. let ray to areas other loan one pixels of one 
dots to which the polarized a 1 1 ravio 1 et ray should he 
10 i.rradi coo, or to soar., the polarized ultraviolet ray so 
as to irradiate only the intended pixels or cots. 

incidentally, the R-dots, the G-dots and the B-dots 
may re arranged in -o: of o canity with tne delta arrangement 
or a stripe arrangement. 

15 

Pr OCFS'3 ( c . 

Next, the transparent substrate, on which the 
liquid crystal alignment film irradiated by the polarized 
ultraviolet tay at toe first irradiation in one process 

20 (b), is rotated on the reference plane. In this case, 
tne transparent, substrate is rotated to a direction 
different from the -direction in the pro-cess ( b ) . And 
t.xen, the polarized • ] t ravio let ray i n a state el" oeing 
divided by the pixel or by the dot is again irradiated (a 

25 second o rraoii at i on ) too the liquid crystal alignment f i xn 
on tne rotated transparent siostrate for developing the 
pre- t i 1 t ang 1 e . 

The reason why the transparent substrate Is rot at. ed 
is that a stable pre-tilt angle cannot be induced i 1" the 

30 transcarerx. substrate is not rotated. New, the rotation 
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preferer^ y 90 degrees . 

Moreover, the irradiation angle of the polarized 
ultraviolet, ray at the second 1 r rad 1 a 1 1 on , namely an 
elevation angle to the reference surface, is preferably 
5 within . rariie :>f 00- rO degrees. If the angle as out of 
the range, trie ore-tilt angle becomes small an! trie angle 
tends to become unstable. 

Itiuoeioa .1 1 y, the ratio between the ultraviolet ray 
irradiation energy at the first irradiation in the 

10 process (o; and toe ultraviolet ray irradiation energy at 
trie sec zoo 1 rrae la t i on in one- process io) is preferably 
100 : 1 to 1:1, more preferably 0 : 1 to 3:1. When 
tne altravoolet ray irradiation energy at the second 
irradiation becomes relatively larger than the range, the 

15 pre-tilt angle tenu to be declined. In addition, the 

similar liquid crystal alignment treatment is performed 
to the otter transparent substrate. 

By composing a liquid crystal cell in conformity 
20 with the convent io na 1 method with the transparent 

substrates the liquid crystal alignment treatment of 

which h z j3 oeen perf o rmec in conformity with the aforesaid 
processes (a) - (c) , and by assembi ing a 1 iqn id crystal 
•driving device and one 1 i oe similarly to the 

25 manufacturing method for the conventional TN liquid 

crystal dispday element, a iiquiu crystal display element 
of the present invention can be obtained. Because the 
tfus obtainoo liquia crystal display element realizes a 
stable and constant division alignment of its liquid 

30 crystal and has a stable pre-tiit. cogoo trie viev;ing 

angle characteristic therecf is improved, and the liquid 
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crystal display element can be manufactured at a high 
manufacturing yielding percentage, and further has a good 
el ect.ro - :>pt i cal ;:har ceteris 1 1 . 

[EMBODIMENT] 

Hereafter, the present invention is concretely 
described in regard to embodiments. 

EMBODIMENT 1 

A polyimide type liquid crystal alignment agent 
(see US P 5,731,405) was coated in conformity with a 
conventional method on a glass substrate -on which a low 
temperature polys ii icon type TFT element having a 
diagonal length of 3.5 inches and the number of display 
dots of 200 thousands or more had been formed in 
conformity with a c :»n\ r en t i : na 1 method, and was coated on 
another glass substrate equipped with a color filter and 
an ITO transparent electrode on which any pattern is not 
formed as an opposed substrate to the aforesaid glass 
substrate. And then, the polyimide type liquid crystal 
alignment; agent was provisionally dried for 30 minutes at 
30°C. Arid further, the polyimide type liquid crystal 
alignment; agent was mainly dried for 60 minutes at 190°C 
for forming a liquid crystal alignment film. 

Next, a liquid crystal alignment treatment was 
performed :o adjoining four pixels so as to obtain the 
main viewing angle directions shown in Fig. 1 by using an 
ultraviolet ray irraoiatoon apparatus (or an 
el ect rodeless lamp, "H" bulb manufactured by Fusion UV 
Systems, Inc.) as snown on Fig. 3 ana a shading mask for 
irradiat ing only predetermined pixels on the glass 
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substrate with the polarized ultraviolet ray. That is, a 
ultraviolet ray hv from a lamp unit 3 equipped with a 
lisht b^Ib 2 was made to pass a polarisation unit 4, the 
polarization degree of which was about 10 : 1, and a 
5 filter o cutting waves having wavelen jv.hs of 3, 000 nm or 
less. And then, a P polarised ultraviolet ray 

(polarisation axis is 5) Phv, which was the 
aforementioned ultraviolet ray hv after passing the 
polarization unit 4 una the filter t, was irradiated at 

10 two steps by the pixel, on the liquid crystal alignment 

film side surface of the transparent board 1 on which the 
llguid crystal alignment film had been formed as shown in 
Fig. 4A and Fig. 4B. Incidentally, the accumulated 
amount of the pola rize j ultraviolet ray of each pixel was 

15 3 0 J/ cm". 

( CONE-IT IOKS OF FIRST IRRADIATION j 
elevation angle (irradiation angle): 80° 
irradiation energy: 15 J / era 2 
20 ultraviolet ray intensity: 100 ± 10 mW/cm 2 

(CONDITIONS OF SECONC I RRADI AT ION ) 
transparent substrate rotation angle: 90° 
eLovation angle (Irradiation angle): 80° 
25 irradiation energy: L> J/crrO 

u 1 : raviolet ray intoosity: 100 ± 10 mW/cm" 

Tne similar Liquid crystal alignment treatment was 
performed to the transparent substrate on the other side. 

30 

A pair of the transparent substrates to which the 
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af orement ioneo liquid crystal alignment treatment was 
respectively performed by irradiating the polarized 
ultraviolet r a y we r e a 1 f i :■: e d t o each o t h e r w 1 1 n a gap o 1 
3.5 um 5«o as to take tne liquid crystal alignment. 
5 directions sntwn in Fij. 1. A TIj liquid crystal ceil was 
made oy inserting a liquid tryst. a 1 into the gap. The 
disposition of the polarizing plate was made to be a 
normal wnite disposition wnere trie polarization axis is 
perpendicular' to the alignment axis. 

10 A TN .iquic crystal panel was made in conformity 

with a conventional method by using the TN liquid crystal 
cell. When the viewing angle characteristics of the 
obtained TN liquid crystal panel were measured, the 
viewing angle characteristics were ±75° in the up, the 

15 down, the right and the left directions. And the 
contrast of 150 or more was obtained (see Fig. 5). 

Incidentally , since the two-step irradiations :f 
the polarized ultraviolet ray were performed to the 
liquid crystal panel, of the embodiment for the liquid 

20 crystal alignment treatment, the pre-tilt angle was 5.7°, 
and it was stable and constant. 

EMBODIMENT 2 

A TIJ liquid crystal panel was made similarly to the 
25 embodiment 1 except that the liquid crystal alignment, 
treatment similar to that of the embodiment L was 
performed to four adjoining dots shown in Fig. 2 in place 
of f . r adjoining pixels. When viewing angle 
characteristics of the obtained TN liquid crystal panel 
30 were measured, viewing angle oharacteri st ics and 

c o r tresis substantially the s ame as those c f t h e T 11 
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iiuaio ;rvsrd^ care. 01 * ;.e : i n ~o * 1 were :h t a - i . 

Incidentally, since the two-step irradiations of 
the r . . ■* : : i ultraviolet ray were cerfomed to the IN 
liquid crystal paneL of the embodimerit for the liquid 
5 crystal alignment treatment, the pre-tilt angle was t> . b' ° , 
ano it was stable and cocistart. 

COMPARATIVE EXAM P LP: 1 

A TN liquid crystal panel was made similarly to the 
10 embodiment 1 except that the liquid crystal alignment 
treatment similar to that of the embodiment 1 was 
performed a a one dot divided into* four areas in place of 
four adjoining dots. When viewing angle characteristics 
■of the obtained TN Liquid crystal panel were measured, 
15 viewing angle characteristics substantially the same as 
tro-se of trie TN liquid crystal panel o>f tne embodiment 1 
were obtained. However, contrasts were declined greatly 
t o be! : w 3 0 (see Flo. 6) . 

However, since the two-step irradiations of the 
20 poiarizeo ultraviolet ray were performed to the TN liquid 
crystal panel of the comparative example for the liquid 
o rys: al all ?nment t re Hitmen: , the pre-: il :. angle was o.2°, 
ano it was stable arid constant. 

25 Although the invention has been described in its 

preferred form wioh a :ert :un deoree of particularity, 
O'Dvbously many changes .and variat ions are possible 
• no o • : r: . It . s t he re f ore to be understood that, the 
present invent, ion may be practiced than as specifically 

30 described tie re in without departing from scope and the 
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